Abstract
Introduction
In Brazil, work-related musculoskeletal disorders have been the work-related disorder most frequently registered within the Social Security System (http://www.mpas.gov.br, accessed on 14/ Jun/2004). It has affected a wide range of occupational groups in several activity branches including manufacturing, services and finance. In the municipality of Pedreira in São Paulo State, workrelated musculoskeletal disorders have been the cause of a large number of sickness absenteeism and disability occurrences among workers in the ceramic industry.
In the 1980s, Pedreira become known across Brazil as The Porcelain Capital because of the number of ceramic manufacturers and variety of the products made mainly from the raw materials of clay with a mineral content, including earthenware, faience, stoneware and porcelain.
The general state of the global economy in the earlier 1990s and competition with Chinese products resulted in the closure of many factories. Those that remained began to produce household items and electric insulators. Nowadays, the municipality still has many pottery manufacturers; most produce earthenware and stoneware products such as miniatures, mugs, teacups, pots and bowls. Most of these plants are small in size.
Although there are a large number of studies published in the field of ceramic activities, all have focused on silicosis issues and none have addressed musculoskeletal problems.
Working conditions, including the working environment and organization, and biomechanical, psychosocial and individual factors are associated with the occurrence of musculoskeletal symptoms. All such factors have been shown in a number of studies on musculoskeletal pain among workers 1, 2, 3, 4, 5 .
The objectives of the present study were to: (a) describe the working conditions in the ceramic industry; (b) determine the prevalence of pain among active workers; (c) identify the associations between symptoms and organizational, biomechanical, psychosocial and individual variables.
Methods Setting
From the total amount of 74 ceramic manufacturers, 33 were considered eligible. Locations with less than six workers in which all steps of the process are not developed were excluded. All of the eligible plants were contacted. Nine pottery manufacturers, all of them small, authorized the study and were included in it.
Subjects and data collection
Considering the nine plants altogether, a total of 55 workers were on sick leave, 13 of those due to musculoskeletal disorders. There were no workers on vacation.
The remaining 235 blue collar workers participated in the study. All participants answered a questionnaire on the subject of work and health. Information concerning individual profile, job history, and biomechanical and psychosocial risk factors was collected.
Questions on physical workload included incidence of repetitive movements, lifting and carrying activities, situations involving prolonged sitting or standing, movements above the shoulder level and the handling of hand tools.
Psychosocial aspects included overtime requirements, work with conveyors and machinery, work pace and demand, an individual's autonomy, relationships with colleagues and supervisors, work satisfaction, and concerns related to career advancement opportunities.
The occurrence of musculoskeletal complaints was measured using adapted questions from the Nordic Questionnaire 6 . Using an illustrated body chart, the subject was asked if he/she had experienced discomfort or pain in any part of the body during the previous year. If the answer was "yes", further questions about the onset of pain, its frequency and quality were asked. Additional data collected included the possible use of medication, whether the subject saw a doctor due to the symptoms experienced and the possible causes for the discomfort or pain according to the opinion of the subject.
An additional questionnaire -Self-Reported Questionnaire (SRQ-20) 7 -was applied to 57 subjects, in order to assess the existence of minor psychological disorders. These individuals were randomly selected from those who answered the initial questionnaire.
Data about work characteristics and environment were also collected by means of direct observation. The activities of 18 subjects, two in each plant, were systematically observed, described and analyzed. The observations were conducted according to a guide proposed by McAtamney & Corlett 8 . It encompasses the analysis of work aspects including organization (i.e. utilization of manual tasks or machinery work and work division), schedule (i.e. time requirements, breaks, diverse daily shifts), environmental factors (i.e. floor conditions, temperature, noise, illumination and the presence of dust), work pace evaluation (i.e. variation in pace throughout the work shift caused by performance of machinery, other workers or production demands), workstation characteristics (i.e. bench height and width), activity analysis (description, duration and repetition of each task), forceful movements (load and frequency), and body postures.
For the purpose of comparing the results, two functions were selected for the observations: manual molding, which requires filling up a mold with ceramic clay to form the parts; and honing, which involves the removal by hand of any sharp edges from each ceramic piece, before glazing.
A total of 13 visits to the nine plants took place and each one lasted no less than four hours.
All subjects were informed of the objectives of the study and signed a consent form. Information confidentiality was assured. The study was approved by the Ethics Research Committee at the Faculty of Medical Sciences of the University of Campinas.
Data analysis
Data from the interviews were summarized in descriptive statistics. Statistical analysis was performed using chi-squared testing for variables. Associations between musculoskeletal pain and independent variables were investigated by the use of the Pearson correlation coefficient with a significance level set at p < 0.05. The analysis was carried ou using the SPSS package, version 11.0 (SPSS Inc., Chicago, U.S.A.). Table 1 presents the characteristics of the study group according to demographic data and job history. The study group was primarily male (73.6%), with a mean (standard deviation -SD) age of 35.6 (11.3) years, and incomplete Elementary School (61%). The distribution of workers within the production sectors indicated that women were allocated to the finishing and decorating sectors and men to manual and mechanical molding as well as other sectors such as ceramic ovens. Mean (SD) duration of employment in the ceramic industry was 16.8 (10.6) years and mean duration of employment in the current job was 6.5 (8.5) years.
Results

The work in pottery manufacturers
The process of pottery manufacturing is basically made up of the following steps: first, the components (clay, kaolin, quartz and feldspar) were bonded into a paste by grinding, mixing and fusing with each other; second, the paste was poured into molds to form the parts; third, the pieces were dried by passing through a stove; fourth, each part was cleaned by removing any irregular edge through manual honing with a little knife and then the part was dipped into a glaze bath which covers it completely; fifth, the parts were baked under high temperatures resulting in hard colored pieces with a vitreous surface; sixth, the pieces were decorated by manual paintings or stickers; and finally, the pieces were wrapped up and packed.
Systematic observations showed that the work at the plants analyzed was essentially manual with low inclusion of technology. The work organization followed the principles formulated by Taylor and Ford. The process was undertaken in a production line. Out of nine factories, four had mechanical conveyor belts installed in strategic sectors. The work division was based upon the different tasks allocated by who plans and who executes the work, also taking into consideration the type of activities being performed by male and female workers. Thus, production workers were restricted to the execution of repetitive and grouped tasks. Men were allocated to activities considered "heavy" such as manual and mechanical molding; consequently, they received better salaries. Women were allocated to sectors in which the work activities were considered "light" or "more delicate", such as finishing (including honing) and decorating the pieces. Those were in fact, more repetitive and monotonous.
In all the nine pottery manufacturers the general working environment was poor. The floor was irregular and uncovered, acting as a source of dust and giving rise to accidents. There was a high level of noise from the operation of the kilns, stoves and machinery. Additionally only a few workers in one of the factories used ear plugs. These operations also led to a raised temperature, a situation that is aggravated during the summer because of the lack of ventilation in production areas. Illumination was inadequate due to the failure of many light bulbs and because the spaces in the roof designed to provide natural light were too small and insufficient in number. Despite government efforts to control the dust in the ceramic industry, we observed that this was still a problem: the workers remained exposed to high levels of silica without any individual or collective protection.
The assessment of the work activities in manual molding and honing showed that both involve repetitive movements of the upper extremities, and honing was highly repetitive. Mechanical conveyors were detected only among workers in the finishing area, where the work pace was more elevated. The work in molding was made up by a higher number of activities in relation to finishing, which means that the work in the latter was more monotonous. Also, the workers in molding had more autonomy to make decisions regarding their jobs. Finishing workers remained mainly in a static standing position throughout the working day, while in molding the workers were requested to walk along a workbench. Table 2 shows relevant characteristics of the work according to the workers' perceptions.
Workers' perceptions about working conditions
The daily working time in the pottery industry was 8 hours and 48 minutes, from Monday to Friday, with no rest breaks. Taking into consideration all workers, 52% stated that they worked overtime (53% female and 48.5% male), which means an additional one or two hours per day and/or work for four hours on Saturdays. For those who worked overtime, 31% of them stated that they "seldom" work overtime, and 21% stated that they work overtime "every day".
Among the female workers, 51% attested that they work with mechanical conveyors, against 16% of the male workers. On the other hand, 55% of males attested that they work with machinery, against 8% of the females. The work pace was considered fast for 47.5% of all workers and repetitive for 90%. Among female workers, 48.5% attested that they had to work in a fast pace and 91.5% that their work was repetitive. Among male workers, 45% reported that they had to work in a fast pace and 87% that their work was repetitive. In terms of the biomechanical aspects of work, 84% of all workers (82.5% of females and 88.5% of males) revealed that they work standing during all the working day and they were not allowed to change their postures, 58% (63% of females and 43.5% of males) revealed that they perform lifting and carrying activities, 56% (61% of females and 42% of males) that they carry out Concerning psychosocial aspects, 90% of all workers (90% of females and 88.5% of males) attested that they did not participate in decision processes regarding their jobs, 28.5% (33% of females and 16% of males) admitted that they had worries regarding their work load, 98% (97.5% of females and 98.5% of males) attested that they were satisfied with their jobs, 96.5% (96.5% for both females and males) that they did not wish to move on to another function, and 87% (86.5% of females and 88.5% of males) declared that they did not believe in work promotions. Relationships with colleagues were considered good for 97.5% of all workers (97.5% of females and 96.5% of males) and relationships with supervisors were considered good for 96.5% of all workers (95% of females and 100% of males).
Occurrence of musculoskeletal pain
A 38.5% (n = 90) prevalence of musculoskeletal pain over the past 12 months was found. Among female workers the prevalence was 46% (n = 80) and among their male counterparts it was 16% (n = 10).
The distribution of complaints throughout the age groups was similar, varying from 41% to 46% between the ages of 35 and 50. Among the production sectors, finishing was the sector with the highest number of workers with musculoskeletal pain (52.5%), followed by manual molding (39.5%), packing (25%), "other sectors" (24%), painting (23.5%) and mechanical molding (18.5%).
Of the 90 workers who experienced musculoskeletal pain, 57 (63.5%) mentioned one site, 18 (20%) two, 9 (10%) three, 4 (4.5%) four, and 2 (2%) mentioned five different sites. The most affected locations were lower limbs (35%) and back (33%), followed by neck (9%), shoulders (9%), hand/wrists (9%), elbows (3.5%), and thoracic region (1.5%).
Considering the onset of symptoms, 52.5% answered that they experienced pain for more than a year prior to the interview, 31% between two months and one year prior to the interview, 4.5% for less than a month and 12% did not know.
Regarding the frequency of the pain episodes, 48% admitted that they felt pain every day, 20% every week but not every day, and 32% seldom. The period of the day in which the pain is more exacerbated was at afternoons for 67.5%, at nights for 15.5%, at mornings for 4%, and all day long for 13%.
For the majority of the workers suffering from musculoskeletal pain, it had not interfered with their duties or activities outside work, or with the sleeping time. Among those who presented symptoms, 41% needed medication for pain relief, 49% sought medical advice and 5.5% took sick leave.
Out of the 57 individuals who answered the SRQ-20, 37% presented scores equal to or lower than 7, which indicated the presence of minor psychiatric disorders.
Associations between variables and musculoskeletal pain Table 3 shows the associations between the studied variables and musculoskeletal pain.
A significant relationship was found between musculoskeletal pain and female gender. Among the biomechanical and psychosocial variables, repetition, tool use, lack of control over decisions, worries regarding work demands, relationship issues with supervisors, work dissatisfaction and the desire to move on to another function were all associated with symptoms.
Discussion
The cross-sectional study design could have led to the occurrence of selection/survivor bias, such as the healthy worker effect, as mentioned by other studies 9,10,11 . This can explain the fact that musculoskeletal pain was not associated with time on the job. Additionally, it is possible that the high number of workers on sick leave could have created a "survivor's effect", causing remaining workers to underestimate existing risk factors 12 .
Information bias may also have occurred since most data was based on self-reports 13 . Some authors, however, have established the advantages of this approach as long as it is used in association with other techniques, such as direct measurements or the direct observation method 14, 15 .
The adoption of a 12-month period to evaluate the occurrence of pain can also lead to problems of memory 16 . Despite its limitations, the 38.5% prevalence of pain founded in this study is consistent with studies carried out in different occupational groups. Prevalence from 20 to 40% of pain was found among active carpenters in United States 11 , 34% among office workers in Finland 17 , 35% among nurses in England 18 , 37% of back pain among workers in the shipyard industry in Greece 13 , and 45% of pain among office workers in Germany 19 . Table 3 Associations between variables and musculoskeletal pain. Pedreira, São Paulo State, Brazil. Lower limbs have been a very common site of pain among industry worker populations and it is related to working in standing positions for extended periods without posture variations 20, 21 . Studies have shown that prolonged standing is associated with discomfort and cardiovascular problems and have postulated the benefits of changing posture while working 22 . Back pain can also be related to working in standing positions, and to activities which require lifting/carrying loads and repetitive movements of the upper limbs 23, 24 . Neck, shoulder and upper limb pain have been related to work activities which require holding the neck in a forward bent posture for a prolonged time, working with arms above shoulder level and repetitive movements of hands and wrists 25, 26, 27 . Those aspects were identified in the work activities among pottery workers.
Variables
The higher percentages of workers with pain that seek medication and that have seen a doctor because of the pain indicates that the workers are enduring work with pain. They choose not to leave their jobs until their individual limit has been reached and working and daily living activities have been impaired.
The prevalence of minor psychiatric disorders was high, considering other studies with workers carried out in Brazil, such as the 19% prevalence found among metallurgists, and the 10% prevalence among workers in the paper industry 28, 29 . It suggests that working in the pottery industry also affects the mental health of workers.
The study emphasized the role of the work organization in the development of symptoms, as well as the interaction among biomechanical, psychosocial and individual variables. Features of work organization in the pottery industry such as a fast pace and overtime work are associated with chronic outcomes such as musculoskeletal symptoms. This is supported by some authors 30, 31 .
The fact that women displayed a higher prevalence for pain is related to a clear work division according to gender identified in the pottery industry. Some authors have defended its relation emphasizing that in the gender division of work, women are allocated to highly repetitive, monotonous and less autonomous work tasks 32, 33, 34 .
Among biomechanical factors, repetition has been identified as one of the most important risk factors for work-related musculoskeletal disorders. Despite the fact the present study found that lifting or carrying weights was not associated with musculoskeletal complaints, it is important to consider its synergic effect with repetition, since the working sector with the higher rate of repetition also had the higher rate of lifting/ carrying activities 35 . Studies have also shown that using hand tools that are not ergonomically designed can lead to direct compression of the muscles, to the adoption of awkward postures and to forceful pinching, leading to musculoskeletal pain 36 .
Recent studies that consider the diversified nature of work-related musculoskeletal disorders have emphasized the role of psychosocial factors in its development or aggravation. Among those factors, high work demands, lack of control over working activities, poor social support from the supervisors and colleagues, and work dissatisfaction have been associated with symptoms 23, 26, 37, 38 .
Conclusions
Musculoskeletal pain is one of the outcomes of elevated human demands resulting from the work conditions and organization that prevail in the pottery industry. Women were shown to have a higher prevalence of symptoms because they are mostly allocated to sectors in which the pace is more accelerated, tasks are repetitive and monotonous, job control is minimal, and work postures are stationary. People are working with pain. Seeking medical advice is delayed until the worker's individual limit is reached. Medication ends up as the only alternative found by workers to carry on with their duties. 
